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1 . A method for laser induced breakdown (LIB) of a material with a pulsed 
laser beam, the material being characterized by a relationship of fluence breakdown 
threshold versus laser pulse width that exhibits a rapid and distinct change in slope at a 
characteristic laser pulse width, said method comprising the steps of: 

a. generating a beam of one or more laser pulses in which each pulse has a 
pulse width equal to or less than said characteristic laser pulse width; and 

b. focusing said beam to a point at or beneath the surface of the material. 

2. The method according to claim 1 wherein the material is a metal, the pulse 
width is 10 to 10,000 femtoseconds, and the beam has an energy of 1 nanojoule to 1 
microjoule. 

3. The method according to claim 1 wherein the spot size is varied within a 
range of 1 to 100 microns by changing the f number of the laser beam. 

4. The method according to claim 1 wherein the spot size is varied within a 
range of 1 to 100 microns by varying the target position. 

5. The method according to claim 1 wherein the material is transparent to 
radiation emitted by the laser and the pulse width is 10 to 10,000 femtoseconds, the 
beam has an energy of 10 nanojqules to 1 millijoule. 

6. The method according to claim 1 wherein the material is biological tissue, 
the pulse width is 10 to 10,000 femtoseconds and the beam has an energy of 10 
nanojoules to 1 millijoule. 

7. A method for laser induced breakdown (LIB) of a material with a pulsed 
laser beam, the material being characterized by a relationship of fluence breakdown 
threshold versus laser pulse width that exhibits a rapid and distinct change in slope at a 
predetermined laser pulse width where the onset of plasma induced breakdown occurs, 
said method comprising the steps of: 

a. generating a beam of one or more laser pulses in which each pulse has a 
pulse width equal to or less than said predetermined laser pulse width obtained by 
determining the ablation (LIB) threshold of the material as a function of pulse width and 
by determining where the ablation (LIB) threshold function is no longer proportional to 
the square root of pulse width; and 

b. focusing said beam to a point at or beneath the surface of the material. 

8. The method according to claim 1 wherein the laser beam has an energy in 
a range of 10 nanojoules to 1 millijoule. 
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9. The method according to claim 1 wherein the laser beam has a fluence in 
a range of 100 millijoules per square centimeter to 100 joules per square centimeter. 

10. The method according to claim 1 wherein the laser beam defines a spot in 
or on the material and the LIB causes ablation of an area having a size smaller than the 
area of the spot. 

11. The method according to claim 1 wherein the laser beam has a 
wavelength in a range of 200 nanometers to 2 microns. 

12. The method according to claim 1 wherein the pulse width is in a range of a 
few picoseconds to femtoseconds. 

13. The method according to claim 1 wherein the breakdown includes 
changes caused by one or more of ionization, free electron multiplication, dielectric 
breakdown, plasma formation, and vaporization. 

14. The method according to ciaim 1 wherein the breakdown includes plasma 
formation. 

15. The method according to claim 1 wherein the breakdown includes 
disintegration. 



16. The method according to claim 1 wherein the breakdown includes 
ablation. 



17. The method according to claim 1 wherein the breakdown includes 
vaporization. 



1 8. The method according to claim 1 wherein the spot size is varied by flexible 
diaphragm to a range of 1 to 100 microns. 

19. The method according to claim 1 wherein a mask is placed in the path of 
the beam to block a portion of the beam to cause the beam to assume a desired 
geometric configuration. 

20. The method according to claim 1 wherein the laser operating mode is non- 
TEMoo. 

21. The method according to claim 1 wherein the laser beam defines a spot 
and has a lateral gaussian profile characterized in that fluence at or near the center of 
the beam spot it greater than the threshold fluence whereby the laser induced 
breakdown is ablation of an area within the spot. 

22. The method according claim 22 wherein the spot size is a diffraction 
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limited spot size providing an ablation cavity having a diameter less than the 
fundamental wavelength size. 

23. The method according to claim 1 wherein the characteristic pulse width is 
obtained by determining the ablation (LIB) threshold of the material as a function of 
pulse width and determining where the ablation (LIB) threshold function is no lonqer 
proportional to the square root of pulse width. 

24. A method for laser induced breakdown of a material which comprises: 

a. generating a beam of one or more laser pulses in which each pulse has a 
pulse width equal to or less than a pulse width value corresponding to a change in slope 
of a curve of fluence breakdown threshold (F th ) as a function of laser pulse width (T) 
said change occurring at a point between first and second portions of said curve said 
first portion spanning a range of relatively long pulse width where F, h varies with the 
square root of pulse width (T 1/2 ) and said second portion spanning a range of short 
pulse width relative to said first portion with a F th versus T slope which differs from that 
of said first portion; and 



b focusing said one or more pulses of said beam to a point at or beneath the 
surface of the material. 

25. The method according to claim 24 and further including: 
a. identifying a pulse width start point; 

b focussing the laser beam initial start point at or beneath the surface of the 
material; and 

c. scanning said beam along a predetermined path in a transverse direction. 

26. The method according to claim 24 and further including: 
a. identifying a pulse width start point; 

b focussing the laser beam initial start point at or beneath the surface of the 
material; and 

in «, °* ♦ ■ f? ann |, n 9 s u aid beam alon 9 a predetermined path in a longitudinal direction 
in the material to a depth smaller than the Rayleigh range. 

27. The method according to claim 24 wherein the breakdown includes 
changes caused by one or more of ionization, free electron multiplication, dielectric 
breakdown, plasma formation, and vaporization. 
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28. The method according to 
plasma formation. 

29. The method according to 
disintegration. 

30. The method according to 
ablation. 



claim 24 wherein the breakdown includes 
claim 24 wherein the breakdown includes 
claim 24 wherein the breakdown includes 



31. The method according to claim 24 wherein the breakdown includes 
vaporization. 

32. The method according to any one of claims 1, 2, 5 or 24 wherein said 
beam is obtained by chirped-pulse amplification (CPA) means comprising means for 
generating a short optical pulse having a predetermined duration; means for stretching 
such optical pulse in time; means for amplifying such time-stretched optical pulse 
including solid state amplifying media; and means for recompressing such amplified 
puise to its original duration. 

33. A method for laser induced breakdown (LIB) of a material with a pulsed 
laser beam, the material being characterized by a relationship of fluence breakdown 
threshold versus laser pulse width that exhibits a rapid and distinct change in slope at a 

- predetermined laser pulse width where the onset of plasma induced breakdown occurs 
said method comprising the steps of: 

a. generating a beam of one or more laser pulses in which each pulse has a 
pulse width equal to or less than said predetermined laser pulse width; and 

b. focusing said beam to a point at or beneath the surface of the material so 
hat the laser beam defines a spot and has a lateral gaussian profile characterized in 
that fluence at or near the center of the beam spot is greater than the threshold fluence 
whereby the laser induced breakdown is ablation of an area within the spot. 

34. The method according to claim 33 wherein the spot size is a diffraction 
limited spot size providing an ablation cavity having a diameter less than the 
fundamental wavelength size. 

35. A method for laser induced breakdown (LIB) of a material with a pulsed 
laser beam, the material being characterized by a relationship of fluence breakdown 
threshold versus laser pulse width that exhibits a rapid and distinct change in slope at a 
predetermined laser pulse width where the onset of plasma induced breakdown occurs 
said method comprising the steps of: 

a. generating a beam of one or more laser pulses in which each pulse has a 
pulse width equal to or less than said predetermined laser pulse width; and 
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b. focusing said beam to a point at or beneath the surface of the material 
which is biological tissue, the pulse width is 10 to 10,000 femtoseconds and the beam 
has an energy of 10 nanojoules to 1 millijoule. 

36. A method for laser Induced breakdown (LIB) of a material by plasma 
formation with a pulsed laser beam, the material being characterized by a relationship of 
fluence breakdown threshold versus laser pulse width that exhibits a distinct change in 
slope at a characteristic laser pulse width, said method comprising the steps of: 

a. generating a beam of one or more laser pulses in which each pulse has a 
pulse width equal to or less than said characteristic laser pulse width, said characteristic 
pulse width being defined by the ablation (LIB) threshold of the material as a function of 
pulse width where the ablation (LIB) threshold function is no longer proportional to the 
square root of pulse width; and 

b. focusing said beam to a point at or beneath the surface of the material and 
inducing breakdown by plasma formation in the material. 

37. A method for laser induced breakdown of a material which comprises: 

a. determining, for a selected material, a characteristic curve of fluence 
breakdown threshold (F th ) as a function of laser pulse width; 

b. identifying a pulse width value on said curve corresponding to a rapid and 
distinct change in slope of said F th versus pulse width curve characteristic of said 
material; 

c. generating a beam of one or more laser pulses, said having a pulse width 
at or below said pulse width value corresponding to said distinct change in slope; and 

d. focusing said one or more pulses of said beam to a point at or beneath the 
surface of the material. 

38. The method according to claim 37 and further including: 

a. identifying a pulse width start point; 

b. focusing the laser beam initial start point at or beneath the surface of the 
material; and 

c. scanning said beam along a predetermined path in a transverse direction. 

39. The method according to claim 37 and further including: 
a. identifying a pulse width start point; 
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b. focusing the laser beam initial start point at or beneath the surface of the 
material; and 

c. scanning said beam along a predetermined path in a longitudinal direction 
in the material to a depth smaller than the Rayleigh range. 

40. The method according to claim 37 wherein the breakdown includes 
changes caused by one or more of ionization, free electron multiplication, dielectric 
breakdown, plasma formation, and vaporization. 

41. The method according to claim 37 wherein the breakdown includes 
plasma formation. 

42. The method according to claim 37 wherein the breakdown includes 
disintegration. 

43. The method according to claim 37 wherein the breakdown include 
ablation. 



44. The method according to claim 37 wherein breakdown includes 
vaporization. 

45. The method according to any one of claims 35, or 37 wherein said beam 
is obtained by chirped-pulse amplification (CPA) means comprising means for 
generating a short optical pulse having a predetermined duration; means for stretching 
such optical pulse in time; means for amplifying such time-stretched optical pulse 
including solid state amplifying media; and means for recompressing such amplified 
pulse to its original duration. 



Cancellation of Original Patent Claims 

Please cancel Claims 1-45 (without prejudice or disclaimer of the subject 
matter contained therein. 



Renumbering of Previously Presented Claims 55-70 

Please renumber Claims 55-70 (as amended by applicant's second 
preliminary amendment dated October 30, 2001) as Claims 46-61 . Renumbered claims 
46-61 are presented below for the convenience of the Examiner. 
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46. A method for laser induced breakdown (LIB) of an organic material with 
a pulsed laser beam, the material being characterized bv a loa-loa relationship 
between fluence threshold at which breakdown occurs versus laser pulse width, the 
relationship exhibiting a distinct change in slope, with respect to decreasing pulse 
width, to a nearly constant value, at a characteristic laser pulse width, said method 
comprising the steps of: 

generating at least one laser pulse which has a pulse width eoual to or less than 
said characteristic laser pulse width and a fluence eoual to or greater than the 
corresponding fluence threshold: and 

providing a oath bv which said pulse is directed to a point at or beneath the 
surface of the material. 

47. The met hod according to claim 46 wherein the material is a biologic 
material, t he pulse width is in the range of from about 10 to about 10.000 
femtoseconds, and wherein the pulse has an energy of from about 1 nanoioule to 
about 1 microioule. 

48. The met hod according to claim 46 wherein the spot size is variable 
within a range of from about 1 to about 100 microns bv changing the f number of the 
laser. 

49. The method according to claim 46 wherein the spot size is variable within 
a ranoe of from about 1 to about 1 00 microns . 

5<L The metho d according to claim 46 wherein the material is transparent to 

radiation emitted bv the laser and the pulse width is from about 10 to about 10.000 
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femtoseconds and wherein the pulse has an energy of from about 1 0 nanoioules to 
about 1 milliioule. 

51. The method according to claim 46 wherein the pulse width is from about 
10 to about 10.000 femtoseconds and wherein the pulse has an energy of from about 
10 nanoioules to about 1 milliioule. 

52. A method for laser induced breakdown (LIB) of an organic material with 
a pulsed laser beam, the material being characterized bv a log-loo relationship of 
fluence threshold at which breakdown occurs versus laser pulse width, the 
relationship exhibiting a rapid, distinct, and substantially negative change in slope, 
with respect to decreasing pulse width, at a predetermined laser pulse width where 
the onset of plasma induced breakdown occurs, said method comprising the steps of: 

generating a laser beam including at least one laser pulse which has a pulse 
width eoual to or less than said predetermined laser pulse width: and 

providing a path bv which said pulse is directed to a point at or beneath the 
surface of the material so that the laser beam defines a soot and has a lateral 
gaussian profile characterized in that fluence at or near the center of the beam spot is 
greater th an the threshold fluence whereby the laser induced breakdown is ablation of 
an area within the soot. 

53. The method according to claim 52. wherein the spot size is a diffraction 
limited soo t size providing an ablation cavity having a diameter less than a fundamental 
wavelength size. 
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54. A method for laser induced breakdown (LIB) of an organic material with a 
pulsed laser beam, the material being characterized bv a relationship of fluence 
threshold at which breakdown occurs versus laser pulse width that exhibits a rapid 
and distinct change i n slope to a slowly varying threshold value at a predetermined 
laser pulse width whe re the onset of plasma induced breakdown occurs, said method 
comprising the steps of: 

^ generating a pulsed laser beam including at least one laser pulse which 

has a pulse width eoual to or less than said predetermined laser pulse width; and 

^ providing a path bv which said pulse is directed to a point at or beneath 

the surface of the ma terial, wherein the pulse width is in a range of from about 10 to 
about 10.000 femtosec onds and wherein the beam has an energy in the range of from 
about 10 nanoioules to about 1 milliioule. 

55^ A method for laser ind uced breakdown (LIB) of an organic material bv 

plasma formation with a pulsed laser beam, the material being characterized bv a 
relationship of fluence t hreshold at which breakdown occurs versus laser pulse width 
that exhibits a distinct change in slope at a characteristic laser pulse width, said 
method comprising the steps of: 

& generating at least on e laser pulse which has a pulse width eoual to or 

less than said character istic laser pulse width, said characteristic pulse width being 
defined bv the loo ablati on threshold of the material as a function of loo pulse width 
position where the abla tion threshold function is no longer proportional to the souare 
root of pulse width: and 
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b. providing a path by which said pulse is directed to a point at or beneath 
the surface of the material so as to induce breakdown bv plasma formation in the 
material. 

56. The method according to claim 55 and further including: 

a. identifying a pulse width start point: 

b. focusing the laser beam initial start point at or beneath the surface of the 
material: and 

c. scanning said beam along a predetermined path in a transverse direction. 

57. The method according to claim 55 and further including: 

a. identifying a pulse width start point: 

b. focusing the laser beam initial start point at or beneath the surface of the 
material: and 

c. scanning said beam along a predetermined path in a longitudinal 
direction in the material to a depth smaller than the Ravleioh range. 

58. The method according to claim 55 wherein the breakdown includes 
changes c aused bv one or more of ionization, free electron multiplication, dielectric 
breakdown, plasma formation, and vaporization. 

59. The method according to claim 55 wherein the breakdown includes 
plasma formation. 
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60. A method for laser induced breakdown (LIB) of an organic material with a 
pulsed laser beam, the material being characterized bv a loa-loa relationship between 
fluence threshold at which breakdown occurs versus laser pulse width, the 
relationship exhibiting a rapid change in slope, with respect to decreasing pulse width. 
to a nearly constant value, at a characteristic laser pulse width, said method 
comprising the steps of: 

generating at least one laser pulse which has a width eoual to or less than said 
characteristic laser pulse width where the laser pulse width is in a range of from about 
10 to about 10.000 femtoseconds, and the pulse has an energy of from about 10 
a nanoiouies to about 1 miiiiioule: and 



providing a path bv which the pulse is directed to a point at or beneath the 
surface of the material. 

61 . A method for laser induced breakdown (LIB) of an organic material with a 
pulsed laser beam, said method comprising the steps of: 

generating a pulsed laser beam including at least one laser pulse having a pulse 
width egua l to or less than a characteristic pulse width, the characteristic pulse width 
defined bv a region of a loo-loo relationship between breakdown fluence threshold 
versus las er pulse width, for said organic material, which exhibits a rapid and distinct 
departure from a souare root dependence: and 

providing a oath bv which said pulse is directed to a point at or beneath the 
surface of the material. 
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